Abstract The Peach rosette mosaic virus (PRMV) is a plant pathogen of the genus Nepovirus, and has been designated as a controlled quarantine virus in Korea. In this study, a specific reverse transcription (RT)-PCR marker set, nested PCR marker set, and modified-plasmid positive control were developed to promptly and accurately diagnose PRMV at plant-quarantine sites. The final selected PRMV-specific RT-PCR marker was PRMV-N10/C70 (967 bp), and the nested PCR product of 419 bp was finally amplified. The modified-plasmid positive control, in which the SalI restriction-enzyme region (GTCGAC) was inserted, verified PRMV contamination in a comparison with the control, enabling a more accurate diagnosis. It is expected that the developed method will continuously contribute to the plant-quarantine process in Korea.
analysis has been suggested as an alternative inspection method [5] . However, the existing PCR methods are applied in accordance with diverse conditions and are inconvenient to use at sites where numerous inspections are conducted [7] ; therefore, the development of a user-based inspection method with compatible conditions is required. Virus-detection records have increased with the recent development and application of reverse transcription (RT)-PCR, nested PCR, and a modified-plasmid positive control at quarantine sites, as shown by the detection of the Cherry leaf roll virus (CLRV) and the Southern bean mosaic virus (SBMV), which were not detected by an ELISA; furthermore, the detection of the prohibited Potato spindle tuber viroid (PSTVd) in potatoes and the first-ever detection of the Pea enation mosaic virus (PEMV) in pea seeds were not reported when only the ELISA was used [1, 5] . And these methods (RT-and nested PCR) are simple and highly sensitive, have recently been studied and establish in Korea [8, 9] . Therefore, in this study, we developed RT-PCR-and nested-PCR-specific markers to promptly and accurately diagnose PRMV at plant-quarantine sites; in addition, a modified-plasmid positive control was developed.
The infected samples and total RNA or cDNA from PRMV and 17 reference viruses were collected from relevant organizations such as Bi-One (Korea), Rural Development Administration, and National Academy of Agricultural Science. The RNA-spin TM IIP RNA extraction kit (iNtRON, Korea) was used to extract total RNA from the infected samples. The DNeasy Ò Plant mini kit (Qiagen, Netherlands) was used to extract total DNA from healthy plants. As PRMV is an RNA virus. So we synthesized cDNA from extracted RNA of PRMV using RT-PCR method. The conditions that were previously reported at quarantine sites in Korea corresponded with RT-PCR, nested PCR (Table 1) , and electrophoresis [10] .
The RNA complete coding gene that codes a polyprotein gene, and the gene sequences of the Arabis mosaic virus (AMV, AY303786), Raspberry ringspot virus (RRSV, AY303787), Tomato black ring virus (TBRV, AY157993), and Tobacco ringspot virus (TRSV, U50869), were collected from the National Center for Biotechnology Information (NCBI) to prepare the specific PRMV marker [10] .
Comparison and exclusion of sequence of different viral RNA such as AMV, RRSV, TBRV and TRSV is essential for the design of PRMV specific marker. PRMV specific marker was designed based on AF016626 sequences (PRMV RNA1 polyprotein gene, complete cds) from the NCBI. A multiple alignment of the sequences was performed using BioEdit ver. 7.1.3 [11] , and the PRMVspecific markers were searched using the DNAMAN DNAanalysis software package ver. 6.0 (Lynnon Biosoft, Canada), at a marker Tm value of 51-59°C (with a 5°C maximum difference for each marker) and DNA G?C content of 45-55 % [8, 12] ; as a result, 17 PRMV-specific markers were searched (nine forward and eight reverse). Twenty-one combinations capable of RT-PCR amplification were designed by combining the searched markers, and the set that was most appropriate for the conditions used at quarantine sites was finally selected.
A previously reported method was used to select the RT-PCR and nested PCR markers [7] [8] [9] 13] , consisting of the following steps: (1) The specific selection was conducted by performing the RT-PCR using total RNA, including PRMV as the template, in order to exclude non-specific binding of the other RNA at total RNA. and marker combinations that formed non-specific bands were excluded. (4) PCR was performed using the genomic DNA from goosefoot, peach, globe amaranth, plum, and grape, which are the PRMV hosts for the third selected set of RT-PCR-marker combinations. The marker combinations that formed non-specific bands were excluded. A final RT-PCR combination was selected after the size and location of the amplification product were considered, and the detection sensitivity was determined. (5) A final nested PCR combination was determined through the design and PCR amplification of the nested PCR combination, and was based on the selected RT-PCR product.
The specific detection bands of PRMV were compared using the 21 RT-PCR-marker sets (Supplementary Table S1 ). The first selection was broadly performed within the RT-PCR product size of 400-1000 bp, and six sets (1, 2, 4, 9, 1, and 16) were selected ( Supplementary Fig. S1 ). We then applied the first six selected sets of the eight-relationship reference-virus strains that were used to examine the PRMV specificity for the positive control, and a non-specific band was analyzed in set 16; therefore, sets 1, 2, 4, 9 and 12 were selected ( Supplementary Fig. S2a ). Nine host-related viruses were analyzed for the five selected marker sets. The results show that a non-specific band was analyzed for marker set 4, whereas non-specific bands did not form in sets 1, 2, 9 and 12, confirming PRMV marker specificity (Supplementary Fig. S2b ). The specificity was reanalyzed, however, using the genomic DNA of each plant body as the template, based on the possibility that PRMV could occur in goosefoot, peach, globe amaranth, plum, or grape. The results of the re-analysis, for which the third of the four selected marker sets was used, show that a non-specific band formed in marker set 9, and it was excluded from the marker sets for the PRMV analysis ( Supplementary Fig. S2c ). Finally, we selected specific primer sets 1 and 2 in PRMV. Those sets were specific amplification in PRMV and amplification of other viruses and DNA of healthy host were not observed. The PCR information of specific primer sets (Table 2) is summarized.
Quarantine confirmation at plant-quarantine sites is decided through sequencing after a nested PCR analysis. Sets 1 and 2, which were [500 bp, were therefore selected for the RT-PCR products, considering the size of the final nested PCR product, and the detection sensitivity was determined. Marker sets 1 and 2, which were selected in the specificity analysis, were analyzed for the detectionsensitivity experiment, based on a tenfold dilution (10 0 to 10 -8 ) of total RNA including PRMV (53 lg/ll). The results show that set 1 formed a specific band down to the 10 -2 dilution, and set 2 formed a specific band down to the 10 -5 dilution. Marker set 2 was therefore appropriate for high-sensitivity PRMV detection and was selected as the final RT-PCR marker, while set 1 was selected as the reserve set ( Supplementary Fig. S3 ). Based on the final selected RT-PCR marker set 2, PRMV_N20/C80 was combined to select the nested PCR marker, and PRMV_N20/C85 was designed and combined for reserve set 1. The RT-PCR amplified the 679 bp product, using a 100-fold diluted template, and the nested PCR marker set 1 (285 bp) was also amplified (Fig. 1) . Set 2 (967 bp) was selected as the final RT-PCR marker for the PRMV analysis, and the 419 bp product was selected as the nested PCR amplification product ( Fig. 1; Table 2 ).
The products of the RT-PCR sets 1 and 2 were amplified using both total RNA and the PRMV template to prepare the modified-plasmid positive control. A pGEM Ò -T Easy vector (Promega, USA) was used to perform the cloning, with the amplified product serving as the insert DNA. Then, six sequences (GTCGAC) that can react with the SalI restriction enzyme were inserted inside the set 2 nested-PCR-product region using a site-directed mutagenesis kit (Enzynomics, Korea) [14] . The two bands were confirmed as cut based on five repeat experiments that were performed on the restriction enzyme. The sequencing results confirmed the insertion of GTCGAC. If a sample was contaminated from the modified-plasmid positive control prepared in this study, two bands (132 bp and 293 bp) formed when the amplification product was treated Nested  PRMVN20  TCTGTGGGATTTGGGAGT  18  419   PRMVC80  TAAACGCACACCTCCGTAT  19  Reserve set  RT  PRMVN10  CCAAACAACTTCACAGGG  18  679   PRMVC80  TAAACGCACACCTCCGTAT  19   Nested  PRMVN20  TCTGTGGGATTTGGGAGT  18  285   PRMVC85  ATGGGCACACAGAGCAAT  18 with a restriction enzyme, and the insertion of six sequences was expected based on the sequencing results ( Supplementary Fig. S4 ). Recently, various plants have been imported into Korea that seeds have many latent pathogens and are difficult to inspect [5] . The RT-PCR-marker sets, the nested PCR marker sets, and the modified-plasmid positive control were used to promptly and accurately diagnose PRMV, which is an unreported controlled-quarantine virus in Korea. Previously studies, we have been developed fast and accurately diagnosis system that is expected and detected to viruses [15] [16] [17] . The developed method was applied to quarantine sites, and it is expected that it will contribute to plant-quarantine processes in Korea. 
